The MPP of Photovoltaic power system undergoes migration or volatility under the influence of the external environments, especially light intensity changes. MPPT control is a very important method to increase the efficiency of the photovoltaic power generation system. But the existing variable step length incremental conductance method would produce misjudgment or even tracking failure when outside light intensity mutations. A variable step length incremental conductance MPPT control method based on power prediction has been proposed. This involves modeling, simulation and comparison of the different methods in the Matlab/Simulink environment. The proposed method can not only avoid misjudgments but can also track the MPP efficiently, improving the control accuracy compared with the variable step length incremental conductance method.
INTRODUCTION
When the external factors like outside light intensity, environment temperature and load change, the output voltage and current of the photovoltaic cells present non-linear characteristics, and their output power constantly changes [1] .Therefore, tracking control is particularly important in order to maximize the output power of the system. At present, many MPPT [2] algorithms have been proposed at home and abroad, such as the disturbance observation method [3] [4] [5] [6] , incremental conductance method [7] [8] , the fuzzy control method [9] , genetic algorithm [10, 11] and so on. The disturbance observation method shows rapid MPPT control, but there are oscillations which occur near the maximum power point, some fluctuations of the steady-state output waveform emerge and during the light intensity changes, it is also prone to miscarriage thus leading to tracking failure. Both the tracking speed and control precision of the incremental conductance method are good, but may also lead to miscalculations under the condition of external environment mutation. The fuzzy control is even a flexible control system having high precision steady-state and strong robustness. But in the PV MPPT control system, fuzzy control's adaptation ability is also limited and is easily oscillated under certain conditions. The article [12, 13] describes the variable step length conductance increment method and perturbation method. The tracking speed and accuracy are all improved, but when the outside light intensity changes, it may cause misjudgment thus resulting in a miscalculated tracking effect. The article [12] provides MPPT method of forecast of power and voltage compensation. This method, however avoids the mistakes effectively, but does not give attention to the tracking speed and control precision. This paper therefore combines power prediction thought with the variable step incremental conductance method further proposing the variable step length incremental conductance MPPT control based method focused on the power prediction. Matlab modeling and simulation also proved the feasibility and effectiveness of the proposed method.
THE NETWORK PRINCIPLE OF THE PV CELLS' ENGINEERING MATHEMATICAL MODEL
The PV cells [14] are the device that convert solar energy into electrical energy. Its output power consists of a nonlinear function that takes account of the intensity of sunshine and the device junction's temperature. It works on the principle of semiconductor's P-N junction which involves receiving of the sun light and producing the photovoltaic. The solar PV battery's output current is related to the light intensity, temperature and area of the PV panel. Equivalent circuit diagram of the PV battery is shown in Fig.  (1) .
According to the equivalent circuit shown above, the mathematical expressions of the equivalent circuit of the PV battery's current and voltage's characteristics are listed as follows.
where, I ---the output current;
I ph ---the photocurrent;
I d ---the equivalent diode current;
I sh ---the current of equivalent parallel resistance; I sc ---the PV battery internal short circuit current;
I 0 ---the reverse saturation current of the P-N junction and isn't affected by the light intensity, approximation is to be a constant;
d ---the voltage of the equivalent diode;
sh ---the equivalent parallel resistance;
s ---the equivalent series resistance.
Because the PV batterys' internal equivalent parallel resistance R is large that makes the I value of 0, so its effect can be neglected. The output characteristics of PV cells can be expressed as:
The article [15] As it can be seen from the simulation graph, the output characteristics of the PV battery, P-U curve is a single peak curve and in different light intensities, the maximum power point constantly shifts. 
THE VARIABLE STEP LENGTH INCREMENTAL CONDUCTANCE MPPT METHOD
The variable step length incremental conductance MPPT method has been proposed to solve the contradictions between the tracking speed and precision of the traditional fixed step incremental conductance method. The P-U curve of the PV array is a single peak curve, so there will be = at the maximum power point. The articles [8] and [9] proposed a variable step incremental conductance method, its principle can be simply described as: when the tracking point is away from the maximum power point, it can use a larger step size in order to accelerate the tracking speed and when the tracking point is near the maximum power point, the tracking precision is improved by using a small step.
Although the variable step length incremental conductance method largely improves the tracking speed and precision of the photovoltaic system, but when the outside light intensity mutates, the PV battery working point sequence does not appear in a single curve; instead it is composed of different characteristic curves' working points [16] [17] [18] thus misjudgment is caused very easily and the tracking speed and precision are affected. Fig. (3) shows the possible misjudgment schematic diagram when outside light intensity mutates. The main reason that causes misjudgment lies in the sampling values that are obtained in different sampling times having changed outside environment, thus the sampling points are located in different power-voltage curves. Assuming that at some moment, the PV system works in A point, the voltage and power are a and a assuming that the light intensity does not change, the voltage fluctuates to point B, at this time the power meets b > a and next time the voltage will continue to change in the direction of increasing voltage. But, if the light intensity decreases, by the curve 1 to 2, the working point will be moved to the point C where there will be c < a and misjudgment will appear at this interval. This will make the voltage change in the direction of decreasing voltage causing tracking failure.
THE VARIABLE STEP LENGTH INCREMENTAL CONDUCTANCE MPPT CONTROL BASED ON THE POWER PREDICTION
PV system operates in different P-U curves. The light intensity mutation is a continuous process that obtains the power before and after the voltage disturbance in P-U characteristic curves in approximately same light intensity. When the light intensity mutation trend forecasts the direction of change in the P-U curve, P-U characteristic curve is thus obtained in approximately same light intensity. On this basis, the predict data is adopted to conduct calculation of the variable step incremental conductance method and avoid misjudgment effectively. Power prediction method is simply the estimated power value from the first sampling time's power to the next sampling time's P-U curve.The principle of the power prediction method is shown in Fig. (4) (Assume that the light intensity is increased).
The principle analysis is as follows. At kT moment, the voltage is and its power is . At this time, there is no reference to voltage perturbation. At (k+1)T moment, there is an increase in sampling and the measured power is 0.5 .Then the (k+1)T moment's voltage 1 and power 1 are measured. When there is a high sampling frequency and the external light intensity changes evenly, accordingly the output power is directly proportional to the light intensity, the predicted power ! is:
The predicted power ! and 1 can be seen from the power in P-U curve that under the same light intensity, the perturbation step
At this time, the criterion of variable step incremental conductance method becomes:
It is obvious that the obtained predicted power ′ ( k) P and 1 through power prediction method can be seen as two test data from the same characteristics, so it can avoid the misjudgment effectively. Fig. (3) . Incremental conductance method misjudgment schemes. Fig. (4) . Power prediction schemes.
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On the basis of the power prediction method to solve the misjudgment, the variable step incremental conductance method that is used in this paper is based on the photovoltaic array's ( ) / / dP dU P to adjust the step size.
When it is away from the maximum power point, the ( ) / / dP dU P is relatively large, which can speed up the system tracking speed. When reaching near the maximum power point, the ( ) / / dP dU P is relatively small, which can improve the tracking accuracy.
The flow chart of the variable step length incremental conductance MPPT control based on the power prediction is shown in Fig. (5) .
MODELING AND ANALYSIS OF SIMULATION RESULTS
In order to verify the validity of the method, the simulation model is established in Matlab/Simulink as shown in Fig.  (6) . The boost circuit parameter is set to 1
. The current and voltage signal sampling period is 0.001s. Fig. (7) shows the above two methods that when the light intensity changes, the disturbance voltage variation of each sampling time point, in the figure insets is partial enlargement in the vicinity of 0.6s. When the light intensity in 0.6s suddenly changes from 1000W/ m 2 to 800W/ m 2 ; according to the foregoing description, it should increase the disturbance voltage after 0.6s. From the partial enlargement in 7) we can see that there are 5 sampling points from 0.6s to 0.605s, in the 0.601s sample point, if it did not use the power prediction method, the disturbance voltage decreased and the disturbance direction changed, leading to misjudgment. But if it used the power prediction method, the disturbance voltage increased and the disturbance direction remained unchanged. So it is proven that the power prediction method could avoid misjudgment when the light intensity mutates.
Constant Temperature, Light Intensity Changes
The external environment is normal temperature 25 , light intensity S changes from 300W/m 2 to 600W/m 2 at 0.2s and continues changing from 600W/m 2 to 1000W/m 2 at 0.4s; finally, it reduces to 800W/m 2 at 0.6s., The three different MPPT control method's waveforms tracking are received as shown in Fig. (8) . Through simulation, we can see that when the light intensity changes, without the MPPT control method, the output power's oscillation range is very large Fig. (7) . Disturbance of sampling points change chart. Fig. (8) . The simulation waveform of the light intensity changes.
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and very unstable; the variable step length incremental conductance MPPT method can avoid spikes, but its tracking speed is not very good.When the variable step length incremental conductance MPPT control based on the power prediction compared to the variable step length incremental conductance MPPT method, the former method can track the new maximum power point quickly having a good control precision. According to the above simulation experiment, the experimental data of different time points are obtained after light intensity changes, as shown in Table 1 .
An important index which measures whether the MPPT control method is good or not is the MPPT algorithm's tracking efficiency ! . Its calculation method is:
where, pv -mppt (t)dt P ---the output power of photovoltaic system that uses the MPPT control method; pv -max (t)dt P ---the output power in the MPP.
When the outside light intensity changes as described above, the result that uses the variable step incremental conductance method is 96.24%, while the result that uses the variable step length incremental conductance MPPT control based on the power prediction is 98.47%. Thus, the efficiency of the variable step length incremental conductance MPPT control based on the power prediction is higher, its Dvalue is 2.23%. According to the above data and analysis, when the light intensity changes, the variable step length incremental conductance MPPT control method based on the power prediction arrives faster at the MPP than the variable step incremental conductance method and the former method's percentage error of the actual average output power and perfect power is lower than the latter. So in the inhibition of oscillation at the maximum power point, the maximum power output and the tracking speed . are enhanced. Therefore, the variable step length incremental conductance MPPT control method based on the power prediction has obvious advantages.
Constant Light Intensity, the Temperature Changes
The external light intensity remains in the 1000W/ m 2 , but the temperature T changes from 0℃ to 25°C at 0.3s and continues to change from 25°C to 40℃ at 0.6s. Finally, the three different MPPT control method's waveforms tracking are received as shown in Fig. (9) . Without the MPPT control method, the waveform has great fluctuation; The variable Fig . (9) . The simulation waveform of environmental temperature changes.
step incremental conductance method inhibits fluctuation, but its tracking speed is not ideal. When the variable step length incremental conductance MPPT control based on the power prediction is compared to the variable step length incremental conductance MPPT method, it is observed that the former method can track the new maximum power point quickly and has a good control precision.
CONCLUSION
The variable step length incremental conductance MPPT control based on the power prediction proposed in this paper arrived at 0.219s, 0.421s and 0.623s at the MPP when the environment temperature was constant while the external light intensity changed [16] [17] [18] [19] [20] [21] . When compared to the variable step incremental conductance method, it was observed that the former could track the MPP more faster and the percentage error of the actual average output power and perfect power were 2.2%, 2.0% and 1.9% respectively. Thus, the control precision improved. In the condition of the external light intensity being constant while the environment temperature changed, the MPP arrived respectively at 0.321s and 0.624s. Therefore, both the tracking speed and efficiency are improved by this method compared to the variable step incremental conductance method.
